Executive Summary
WASTEWATER CHALLENGES IN SOUTH FLORIDA

Every day, more than 1.5 billion gallons of wastewater leave municipal treatment
facilities in Florida bound for reuse or disposal. Municipalities in South Florida rely less
on discharges to surface waters and more on reuse, ocean discharge and deep-well
injection. For example, in Miami-Dade County, for every three gallons of wastewater
generated, one gallon is treated and sent to deep underground saltwater formations. The
other two gallons are piped out to the ocean, three and a half miles offshore. In dry-
weather conditions in Pinellas County, for every three gallons of wastewater generated,
all three gallons are reclaimed to golf courses, parks, and lawns after high-level treatment
and disinfection. However, the Pinellas area receives on average forty-eight inches of rain
annually, and deep-well disposal is heavily relied on as the backup during wet weather.

Each municipality in South Florida is faced with its own particular challenges to ensure,
safe reuse and disposal of wastewater, safe drinking water and a healthy environment for
its 5.8 million residents. Local municipalities are struggling to make sound wastewater
management decisions, taking into account the often overwhelming complexities and the
range of technical issues associated with different reuse and disposal options.

The State is strongly committed to protecting its surface waters, such as lakes, rivers,
streams, wetlands, estuaries, and the ocean. It is equally committed to protecting the
highly permeable aquifer systems that provide 94% of the area’s drinking water. A major
challenge to protecting water resources is Florida’s growing population and the
accompanying need for safe drinking water, safe reclaimed water reuse, and safe
wastewater disposal.

The Environmental Protection Agency (EPA) has established minimum requirements for
Class I municipal wells and other underground injection activities through a series of
Underground Injection Control (UIC) regulations at Code of Federal Regulations (CFR)
Title 40 Parts 144-147, developed under the authority of the Safe Drinking Water Act.
These regulations ensure that Class I municipal wells will not endanger USDWs by
prohibiting the movement of any contaminant into Underground Sources of Drinking
Water (USDW).

On July 7, 2000, EPA proposed revisions to the UIC regulations that would allow
continued wastewater injection by existing Class I municipal wells that have caused or
may cause movement of contaminants into USDWs in specific areas of Florida (65 FR
42234). Continued injection would be allowed only if owners or operators meet certain
requirements that provide adequate protection for USDWs. In the alternative, if new
requirements are not promulgated, owners and/or operators of wells targeted by the
proposal would be required to close their wells and adopt different wastewater disposal
practices, which could consist of surface water disposal, ocean outfall, and/or reuse. Use
of these alternative disposal practices would likely require the construction of systems for
advanced wastewater treatment, nutrient removal, and high-level disinfection.
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CONGRESSIONAL MANDATE FOR RELATIVE RISK ASSESSMENT

EPA, as directed by congressional language in its fiscal year 2000 appropriation,
prepared the relative risk assessment presented in this report:

Within available funds, the conferees direct EPA to conduct a relative risk assessment
of deep well injection, ocean disposal, surface discharge, and aquifer recharge of
treated effluent in South Florida, in close cooperation with the Florida Department of
Environmental Protection [DEP] and South Florida municipal water utilities.

Congress directed EPA to conduct this assessment because wastewater injected into deep
wells had moved from where it was supposed to be confined to areas where it is
prohibited. Congress directed EPA to conduct the relative risk assessment to shed light on
the risks posed by fluid movement from deep injection and relate those risks to risks
posed by treated effluent from other wastewater management options.

MUNICIPAL WASTEWATER TREATMENT OPTIONS IN SOUTH FLORIDA

To capture all counties with deep-well injection, the South Florida area considered in the
relative risk assessment extends south from a line drawn from the northern end of
Brevard County on the east coast to the northern end of Pinellas County on the west coast
(Exhibit ES-1).
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Exhibit ES-1. Municipal Wastewater Treatment Plants in South Florida
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Wastewater Treatment Options

Florida primarily uses four options for the management of treated municipal wastewater
(Exhibit ES-2):

e Deep-well injection: Wastewater is injected by gravity flow or under pressure
into deep geological strata below USDWs. Under EPA and State UIC program
regulations Class I wells inject fluids beneath the lowermost formation containing
a USDW.

e Agquifer recharge: Reclaimed water is discharged to land application systems,
such as infiltration basins and unlined ponds.

e Discharge to ocean outfalls: Treated wastewater is discharged to the ocean via
outfall pipes that may extend from almost 1 mile to more than 3.5 miles from
shore.

e Discharge to surface-water bodies: Wastewater is discharged into canals,
creeks, and estuaries.

H Deep Well Injection
(320 mgd)

[ Reuse
(580 mgd)

B Ocean Outfall
(310 mgd)

20% [0 Surface Water Discharge

(340 mgd)

Exhibit ES-2. Use and Disposal of Effluent and Reused Water in Florida'

Although the term option, used to describe the wastewater treatment methods, suggests
any of these are available for use by municipalities in South Florida, in fact most
municipalities are limited by a variety of critical local conditions, governing regulations
and costs in evaluating possible treatment methods. (Exhibit ES-3).

" This chart uses data for the entire state of Florida. No specific data was available for the study area only.
The distribution of waste treatment options within the study area is likely to be different than that presented
in this chart (i.e. all ocean disposal and deep underground injection is in the Study area and there is much
less use of surface water disposal in South Florida).
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Exhibit ES-3. Wastewater Management for Selected Counties in South Florida

Levels of Wastewater Treatment and Disinfection

Wastewater treatment facilities in South Florida combine various levels of wastewater
treatment and disinfection to arrive at effluent concentrations that are appropriate for the
local conditions and that comply with State and EPA requirements.

e Primary Treatment is a basic treatment process that removes material that will
float or settle.

e Secondary Treatment is a process in which bacteria consume the biodegradable
organic matter and remove suspended solids using chemical and biological
processes. The success of treatment may be quantified by its ability to remove
Biochemical Oxygen Demand (BOD) and Total Suspended Solids (TSS).

¢ Reclaimed Water in Florida means water has received at least secondary treatment
and is reused. Some uses require high-level disinfection that includes filtration.

e Advanced Water Treatment (AWT) refers to treatment beyond secondary but in
Florida it has specific regulatory meaning for a combination of treatments that
includes secondary treatment, high-level disinfection, nutrient removal, and
removal of toxic compounds (usually by filtration). AWT is used if there are
requirements to remove specific components, such as nitrogen and phosphorus,
which are not removed by secondary treatment alone.

o Disinfection is the selective destruction of pathogens. The State regulations define
basic, intermediate and high-level disinfection with levels of filtration and bacterial
deactivation.

Each of the four wastewater management options (deep-well injection, ocean outfall,
aquifer recharge, and surface water discharge) provide different levels of treatment and
disinfection, depending upon regulatory and site-specific needs. The levels for
Biochemical Oxygen Demand, (BOD), Total Suspended Solids (TSS), Total Nitrogen
(TN), and Total Phosphorus, (TP) shown in Exhibit ES-4 are required for some required
discharges and do not apply universally to all (see Chapters 62-600 and 62-610 F.A.R.).
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Exhibit ES-4. Levels of Treatment and Disinfection for the Four Disposal Options

RISK ASSESSMENT

Risk assessment is a multistep process. It evaluates the likelihood that adverse human
health or ecological effects will occur as a result of exposure to stressors. A stressor is
any physical, chemical, or biological entity that can induce an adverse response. The
organism, population, or ecosystem exposed to a stressor is referred to as a receptor.
Exposure refers to the contact or co-occurrence of a stressor and receptor. If there is no
contact or co-occurrence between the stressor and the receptor, then there is no risk.

Risk characterization is the culminating step of the risk assessment process. It conveys
the risk assessor’s judgment about the existence of human health or ecological risks and
their nature (US EPA, 2000). Information from the risk assessment steps is integrated and
synthesized into an overall conclusion about risk that is informative and useful for
decision-makers and for interested and affected parties.
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Approach Used in This Relative Risk Assessment

The risk assessment conducted by EPA involved investigating four very different
wastewater disposal options: deep-well injection, aquifer recharge, discharge to ocean
outfalls, and discharge to surface-water bodies. Each option has its own specific stressors
(hazards), exposure pathways, receptors, and effects.

Data from many sources were used to support the analyses and evaluations. Risk
characterization for each wastewater treatment option included identifying and describing
the associated risks, the potential magnitude of the risks, and potential effects on human
and ecological health. The relative risk assessment then described and compared risks for
all four wastewater management options.

This relative risk assessment first used a generalized approach to describe potential risks
and 1dentify possible stressors, sources, exposure pathways, and effects on receptors. This
step incorporates human health and ecological risk components and provides a
conceptual model of potential risk. A conceptual model was developed for each of the
four disposal options. Exhibit ES-5 is an example of a conceptual model of potential risks
developed for the relative risk assessment. Potential system stressors, exposure pathways,
receptors, and the potential effects on receptors are identified in the model.

To assess the risks and to allow comparisons, EPA conducted individual risk assessments
for each wastewater disposal option, and the risks associated with each were
characterized. The risks and risk factors identified in each disposal option were then
evaluated and described. The overall comparisons and conclusions are presented as
relative risk assessment matrices. EPA found that the parameters that are relevant to one
particular disposal option are not necessarily relevant to the remaining three. Therefore, a
strictly quantitative comparison between the four options was not feasible.
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Exhibit ES-5. Conceptual Model of Potential Risks for the Deep-Well Injection
Option

DEEP-WELL INJECTION

In South Florida, the most common means of disposal for treated municipal wastewater is
by deep-well injection. Deep wells typically inject at depths ranging from 650 to greater
than 3,500 feet below land surface, depths that are considerably deeper than the aquifers
used for drinking-water supply wells. However, it is acknowledged that in some parts of
South Florida, injected water has moved upward into overlying layers and, in some cases,
into the base of the area designated as the underground source of drinking water

(USDW).

The Upper Floridan Aquifer and the Biscayne Aquifer are the main water sources in the
South Florida region (Exhibit ES-6). The Floridan Aquifer is extensive and underlies
parts of Alabama, southeastern Georgia, southern South Carolina, and all of Florida. It is
divided into the Upper Floridan and Lower Floridan aquifers, which are separated by a
middle confining unit.
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Exhibit ES-6. Hydrologic Profile of South Florida Aquifer System

In the southeastern part of South Florida, the Floridan Aquifer is overlain by a relatively
shallow surficial aquifer, the Biscayne Aquifer. In general, the surficial aquifer is
composed of relatively thin layers of sands with some interbedded shell and limestone
(Exhibit ES-6). The surficial aquifer in Pinellas County is only about 56 feet thick; in
Brevard County, it is only 110 feet thick (Exhibit ES-7). The underlying intermediate
confining unit, which separates the surficial and Upper Floridan aquifers, is also
relatively thin (about 219 feet thick in Pinellas County and 210 feet thick in Brevard
County). These hydrogeologic characteristics mean that the surficial aquifer yields only
small amounts of water. Thus, it is not a major source for public water supply, although it
is used extensively for private water supplies. However, in southeastern Florida, the
Biscayne Aquifer is the principal source of drinking water. In this area, both the aquifer
and the underlying intermediate confining unit are thicker (more than 230 and 610 feet
thick, respectively), which results in an increased water-bearing capacity.
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The presence of the separating confining units (intermediate and middle), combined with
the considerable depth to the deep-well injection zones, was considered to provide a
sufficient level of protection to the water-bearing strata that supply public water.
However, the relative safety of this disposal option is now in question because injected
water is known to have migrated up to and, in some cases, into the USDWs.

Deep-well injection fluid is given a secondary level of treatment and the State does not
require disinfection, although some facilities may dispose of excess (unused) reclaimed
wastewater using Class I deep-well injection. Treatment beyond a secondary level is used
to varying degrees in the three other disposal options included in the risk assessment
(aquifer recharge, discharge to ocean outfalls, and discharge to surface-water bodies)
(Exhibit ES-4).

Many parts of the United States use Class I injection wells for disposal of hazardous and
nonhazardous fluids. In Florida, deep-well (Class I) injection is an important
management option for treated municipal wastewater and accounts for approximately
20% (0.44 billion gallons per day) of the State’s wastewater management capacity
(FDEP, 1997). Most of this use occurs in South Florida, particularly southeastern Florida
and in coastal areas. The wells inject large volumes of wastes into deep rock formations,
which are required to be separated from sources of drinking water by layers of
impermeable clay and rock.

The use of Class I wells in South Florida has been considered a safe and effective means
of disposing of treated wastewater. However, ground-water monitoring data has indicated
that, at some facilities, wastewater is not being adequately confined, resulting in
unintended movement of the injected fluid into USDWs. At some locations, injected
wastewater has migrated from the injection zone into overlying layers and is
compromising USDWs. Of 93 facilities with deep injection wells in South Florida, 18
have been identified as having unintended movement of fluid out of the injection zone: 3
have confirmed fluid movement into the USDW, 6 are reported to have probable
movement into the USDW, and 9 have movement into non-USDWs, (layers overlying the
injected zone but below the USDW).

Regulatory Oversight of Deep-Well Injection

Federal and State regulations govern the siting, construction, operation, and management
of Class I injection wells. A key UIC regulatory requirement prohibits the movement of
any contaminant from a Class I injection well into a USDW. UIC regulations also specify
well siting requirements, including specifications for constructing wells, for defining
hydrologic conditions relative to the site, for ensuring the mechanical integrity of
injection wells, and for proper operation and maintenance of wells. Class I injection wells
must be cased and cemented to prevent the movement of fluids into or between USDWs.
Injection pressures may not cause fractures in the confining zone or cause the movement
of injection or formation fluids into a USDW. (40CFR146.12 and 13). In addition, the
State requires that all Class I municipal waste disposal wells provide, at a minimum,
secondary treatment.
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In spite of these many regulations and controls, unintended migration of injected
wastewater in South Florida has occurred. Therefore, the ability to maintain sufficient
confinement between the injection zone and the USDW is in question.

Option-Specific Risk Analysis for Deep-Well Injection

The risk analysis of deep-well injection focused on Brevard, Pinellas, and Dade counties,
because these counties are geographically representative (i.e. they are located in the three
corners of the assessment area) and fluid movement, to some degree, has occurred in each
location. A large volume of treated wastewater is injected into Class I injection wells.
Subsequent migration of this wastewater and any dissolved or entrained wastewater
constituents that remain after treatment can lead to exposure for receptors such as
USDWs and water-supply wells.

Secondary treatment of wastewater with no disinfection does not remove all potential
stressors to human health. Nitrate levels can exceed the Federal and State maximum
contaminant level (MCL) for drinking water; pathogenic bacteria and viruses are not
inactivated and may exceed standards for drinking water; and Giardia and
Cryptosporidium levels may exceed Florida’s health-based (reuse) recommended criteria.

Stressors to ecological health that may remain after treatment are generally limited to
nitrates and phosphates. These are considered nutrients for ecological systems. When
present in excess concentrations, they can destabilize the natural systems and cause
eutrophication of aquatic systems. Given this characterization of the level of
contaminants remaining in secondary treated effluent, a next step in the risk assessment
was to examine the fate and transport of these contaminants in the sub-surface.

How Injected Wastewater Can Reach Drinking-Water Supplies

In general, injected wastewater can move upwards by porous media flow and by bulk
flow. These represent two extremes: porous media flow is a slow fluid movement through
connected pores in the rock matrix, and bulk flow is a more rapid flow through
preferential paths, such as fissures, fractures, caverns, or channels (Exhibit ES-8). Bulk
flow can also occur from improperly constructed and poorly maintained injection-well
systems that lead to an incomplete seal between the well and its casing.

In most cases in South Florida, both porous flow and bulk flow mechanisms will
contribute to upward migration. However, it is not possible to differentiate the
contribution of each for a given location. Bulk flow is likely a major contributing process
in South Florida, where there are karst geologic features. The most well known geologic
feature in the area that can support bulk flow is the Boulder Zone. Located in the middle
section of the Lower Floridan Aquifer (Exhibits ES-7 and ES-8), this highly developed
and complex fracture zone has extensive cavernous pores, fractures, and widened joints
that allow channelized groundwater flow, sometimes at extremely rapid rates.

ES11



‘aunssaad uooalul puv ‘Ajisudp ‘aingpiaduid) Suipnjoul ‘s10Jopf [p.4242s Aq pasudnjful a4p pup UODASIU O] dINGLIJUOD
moyf vipaut snoiod pup mopf yng *duoz uonddluy [[PA\-dod( & woay Mo Y[ng Aq 13)BMI)ISBAL JO UONRISIIA *8-SH NqIYXH

<@Emmumr 9WI|

uonoallg Mojd JOJBM PUNOID E===> uonoallg Moj4 JSIBM PUNOID =

uonoa.Ig MO JaJEA PUNOID E==> uonoaIIg MO JSJEA PUNOID E=>

auoz auoz
Jepnog Japinog
J3)Inby
ueplo|4 Jayinby
- 1 Jamon uepuoj4
— e Jamo
L —X =1
C J1ake 1efe
— Buuyuod Buluyuon
B n : . g .
T masn M \dsn au} Jo aseg M dsn ey} o eseg
* 7 ook N LI
A by | | | e — 1 L [semby
uepLiol4 - - T T uepLo|4
. T Jaddn - T Jaddn
. — T : : —= \M —— . - 3 : 2 — o o e o
W. R (masn) 0001 = - (masn) (Mmasn) —— 0001 ( )
- ——1 G I S N 19, LI J1a1eM Bupjulg = Jajep Bunjuug ==
10 20UNG — - k_! — 10 20uN! - Jo80Inog =] - joeamos | [ | —
— N . punoiBiapun N — I - o punoibiapun “punoibiepun - | punoiBiepun | e I 3
| —— L I i i — L J s — T L x T X N — L T T e L P e I B [ e ) N S B §
1 1 1 1 T o | 700S - |0 1 1 1 T ~ |wunBuuyuop| T T | 00s = T I |1 - | |wun Buuyuon
il I I I 1 P I I | —4—.00v I [ I I = I I | ejeipawiail || T I I .00 | I 4|_ T 1 T N — (] 1 1
L - T - T T S T - T -1 =] —+—.00€ v - T - T T = T - T - - .-_ - T -__ =1 .__ = _- - ——.00€ — ._- - T - - _. b-
—+—.002 — Jaynby 002 - Jajinby
00} lerong 00} lerong
I F e : STETATE
M ot % iom em i
dng Bupioyuon B Aiddng. [ Kiddng Bupoyuop Buuoyuop  Buuonuow
d
suand om 90 aHand o aHand | oa 99°0 SwepauLsIUL  woleys
uondaful uonoafup uonoafu] uondafu|
deag deag deag deag

ES-12

uonelBip |eyuoziioH
pue [eo1jIdA panunuo)

KoueAong pue
alnssald uonoalu]
0} anq uoeBI [ed1jIaA

MO[ JaJep punoln
yMm uoneIBI [eniul

uonoaful [eug



Fluid movement underground is influenced by several factors. Temperature and density
differences between native and injected waters affect buoyancy. The fluid density of
injected wastewater is roughly equivalent to fresh water. However, wastewater is injected
at depths where the native groundwater is saline or hypersaline. Buoyancy tends to force
the comparatively lighter, less dense wastewater upward.

Injection pressure also influences fluid movement, but the degree of influence is affected
by the geology. In parts of South Florida, where injection zones demonstrate a great
capacity to accept injected fluid (for example, the Boulder Zone), the influence of
injection pressure may be less significant. Regional differences in the effect of injection
pressure were accounted for in the risk analysis by including Dade, Brevard, and Pinellas
counties.

The exposure pathway for the stressors found in injected wastewater is upward migration
of the injected wastewater into the base of USDWs. In some locations, this upward
migration can occur relatively rapidly and with little dilution of stressors. In the area of
the Boulder Zone, injected wastewater that has migrated upwards might pose some
ecological health risk for the marine environment, were the fluid to migrate more than
2500 feet upward . There is little information currently available to assess such a risk.

Human Health and Ecological Risk Characterization of Deep-Well Injection

Deep-well injection for disposal of treated municipal wastewater has resulted in fluid
movement into USDWs. In both Pinellas County and Dade County fluid has moved into
the USDW.

The overall human health risk is lower for those USDWs that are deep, and exposure to
stressors for currently used drinking-water sources is less likely. The current risk of
human exposure is considered lower for Dade and Brevard counties, because the length
of time required for contaminants to reach current drinking water supplies is long.
However, the time of travel in the Pinellas County area is shorter because of the
shallower aquifer depth and lack of confinement. The risk would be therefore higher for
Pinellas County and exposure of current water supplies to stressors more likely but for
the fact that Pinellas County effluent is subjected to high level disinfection. Failures
within the injection system itself clearly increase risk. Improperly constructed or poorly
maintained injection-well systems can result in decreased times of travel to receptors and
in an associated increase in risks and exposures. However, there is no information to
conclude that mechanical failures of Class I municipal waste disposal wells in South
Florida have resulted in significant fluid movement into USDWs.

Ecological risk can result from nutrient enrichment of surface waters and the associated
ecosystems. However, in South Florida, the risk is considered low because that
movement is unlikely. There may be an increased risk in situations where fluid migrates
rapidly to surface-water bodies, as in a conduit or a bulk-flow scenario. Nutrient
enrichment and other potential impacts to near-shore marine and estuarine environments
could occur under such a scenario.
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AQUIFER RECHARGE

Any practice that potentially results in the replenishment of a groundwater aquifer can be
considered aquifer recharge. Treated municipal wastewater discharged onto the land may
percolate through soils and underlying geologic media until it reaches and recharges the
surficial aquifer. In Florida, several practices may be considered as aquifer recharge:
irrigation, discharge to infiltration basins or absorption fields, and discharge to wetland
treatment systems. The State defines reclaimed water as water that has received, at least,
secondary treatment and disinfection and is reused after flowing out of a domestic
wastewater treatment facility. Reuse is the deliberate application of reclaimed water for a
beneficial purpose according to Florida requirements. The final use of the wastewater
determines the specific treatment requirements.

Reuse of water for irrigation is significant in Florida. Of a total of 359 reuse irrigation
systems, approximately one-half (179) are golf-course irrigation systems, while the other
half is divided among irrigation for other public-access areas (98) and residential
irrigation (82). Agricultural irrigation systems using reclaimed water number 117.

Reclaimed water is discharged at a rate that prevents surface runoff or ponding and that is
within a designated hydraulic loading rate. Loading rates are based on the ability of the
plant and soil system to remove pollutants from the reclaimed water, the infiltration
capacity, and the hydraulic conductivity of the underlying geology. Slow-rate land
application systems must have back-up disposal methods, such as discharge to a storage
area or to deep-well injection, for wet-weather conditions and when water-quality
treatment standards are not met.

Rapid-rate land application systems discharge reclaimed water to rapid infiltration basins
or absorption fields. Infiltration basins operate in series and may include subsurface
drains that receive and distribute the water. Absorption fields are subsurface absorption
systems covered by soil and vegetation and may include leaching trenches, pipes, or other
conduits that receive and disperse water. Rapid-rate systems are potentially high-volume
systems. Because of the increased percolation, the loading rates are higher than for slow-
rate land application, and rapid-rate systems do not require wet-weather alternatives. For
these reasons, EPA focused on rapid-rate infiltration basins (RIBs) for the risk
assessment.

Regulatory Oversight of Aquifer Recharge

Aquifer recharge as a wastewater management option is not specifically regulated, but
the State regulates the reuse of reclaimed water and land application. State regulations
specify system design and operating requirements. Backup treatment and holding
capacity is required, in case of system interruption. Slow-rate land application must have
back-up wet-weather disposal options. Wastewaters must meet water-quality criteria and
must be tested for pathogenic protozoans. Setback distances from surface waters and
from potable water sources are required, and Florida’s wastewater-to-wetlands rule
controls the quantity and quality of treated wastewater discharged to wetlands.
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Option-Specific Risk Analysis for Aquifer Recharge

Rapid-rate systems have the potential of discharging large volumes of treated wastewater
directly to the surficial aquifer. The public water supply in South Florida is generally
drawn from wells about 250 feet deep and located in the surficial aquifer. In Pinellas
County, the surficial aquifer is shallow, with a depth of about 56 feet. In Brevard County,
the surficial aquifer extends to a depth of 110 feet. In Dade County, the surficial Biscayne
Aquifer extends to a depth of 230 feet. Depending upon local groundwater conditions,
rapid transport of reclaimed water to these shallow aquifers and current drinking water
sources may occur. Similarly, surface-water bodies that are under direct influence of
groundwater can be exposed to stressors in the discharged wastewater.

Reclaimed water that is bound for rapid-rate land application must have undergone
secondary treatment and basic disinfection, and rapid-rate systems must meet, at the base
of the discharge zone, groundwater criteria. Projects with permit applications after
January 1, 1996 must provide high level disinfection. As a result, the concentrations of
stressors are considerably reduced. Potentially remaining stressors in reclaimed water
include metals and other inorganic elements (for example, nitrate, ammonium,
phosphate), volatile and synthetic organic compounds, and microorganisms resistant to
high-level disinfection. Cyst-forming pathogenic protozoans, such as Cryptosporidium
and Giardia, are resistant to chlorination and basic disinfection and require specialized
filtration for removal. Concentrations of these pathogenic protozoans typically meet
Florida’s health-based (reuse) recommendations in rapid-rate land application waters, but
some exceptions have been reported. The disinfection byproducts, trihalomethanes, can
pose a human health risk, but the concentrations in reclaimed water rarely exceed the
health-based standards.

Just as with deep-well injection waters, stressors to ecological health that may remain in
reclaimed water after treatment are nitrates and phosphates. Because they are nutrients,
they can destabilize the natural systems and, when present in excess concentrations, can
cause eutrophication of aquatic systems. Thus, the next step of the risk assessment, the
analysis of the fate and transport mechanisms and a determination of the time of travel,
was very important.

The time of travel for discharged effluent to move in groundwater to a receptor is site-
specific and dependent on required setback distances, location and distance to receptor
water-supply wells, direction of groundwater flow, the actual distance to potential
receptor wells, and the aquifer’s groundwater flow characteristics.

Natural attenuation processes were also analyzed to determine their affect on final
constituent concentrations. Sorption, biological degradation, and chemical transformation
of constituents can reduce their overall concentration during transport in groundwater.
Rapid-rate infiltration and the associated shorter times of travel tend to limit natural
attenuation.
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Human Health and Ecological Risk Characterization of Aquifer Recharge

Because of the level of treatment, reclaimed water contains relatively few stressors,
which generally are at reduced concentrations. Many constituents remaining in the treated
wastewater are at levels that meet the respective drinking-water standards (MCLs). The
average concentrations of the cyst-forming Giardia protozoan meet risk-based criteria.
However, monitoring data from reuse facilities indicate the presence of Giardia in 58%
of the samples, with detections frequently exceeding the stated recommendation of 1.4
cysts per 100 milliliters.

Although time of travel may be relatively short for some locations and indicate a higher
potential risk, a high effluent transport rate does not result in a greater overall risk. Dade
County, where the Biscayne Aquifer has a high hydraulic conductivity, has the shortest
estimated travel times for treated effluent in groundwater to reach drinking-water supply
wells: 0.11 year for a 200-foot setback, 0.28 year for a 500-foot setback, and 1.47 years
for a 2,640-foot setback. In spite of these relatively short times of travel, there is little
overall risk, because the final concentrations of stressors are below the respective
drinking water standards (MCLs).

DISCHARGE TO OCEAN OQOUTFALLS

Six publicly owned wastewater treatment facilities located in coastal southeastern Florida
currently use ocean outfalls to dispose of treated municipal wastewater. The total volume
discharged is about 310 mgd. Before discharge, the wastewater undergoes secondary
treatment, followed by basic disinfection. The treated wastewater is discharged through
outfall pipes into the ocean at depths ranging from 27.3 to 32.5 meters and at distances
between 0.94 and 3.56 miles from shore.

The outfalls discharge into the Florida Current, which flows northward to join the Gulf
Stream. Circulation created by the Florida Current and associated eddy and rotary flows
is important and the western boundary of the current is a major nutrient source for ocean
productivity. Effluent discharged from the outfall forms a characteristic plume that tends
to rise in seawater because it is less saline. However, the effluent is rapidly diluted and
mixed with ocean water (Exhibit ES-9). The speed and direction of the currents are the
primary factors that govern plume dispersal.
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Exhibit ES-9. Effluent Plume Characteristics for Ocean Qutfalls

The risk assessment for this option mainly focused on the potential effects on the marine
environment. Discharge to the ocean has no effect on sources of drinking water. The
receptors considered in this option are those that may have a direct exposure to seawater
containing effluent constituents.

Regulatory Oversight of Discharge to Ocean Outfalls

The Clean Water Act and Florida law require that municipal wastewater receive at least
secondary treatment before discharge to the ocean. When chlorine is used as a
disinfectant, it must be used at the minimum concentration necessary to achieve water-
quality standards. Higher concentrations of chlorine may lead to the production of
trihalomethanes, which are a human health risk.

State-designated Class III Waters are used for recreation and for the propagation and
maintenance of a healthy, well-balanced population of fish and wildlife. Effluent
discharged into the ocean must meet the Class III standards for total suspended solids and
for a 5-day biological oxygen demand.

There are additional requirements for the effluent when it meets the receiving waters.
There are State and Federal water-quality criteria for effluent water at the end of the
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outfall pipe, within the mixing zone, and at the edge of the mixing zone. At the edge of
the mixing zone, Federal, State, and local regulations require that the water meet surface-
water quality standards.

Option-Specific Risk Analysis for Discharge to Ocean Outfalls

The focus of the risk analysis was the potential effects that discharges to the ocean may
have on ecological receptors. In Florida, ocean waters are not currently used as a source
for drinking water. Therefore, the ocean discharge option is not a human health risk
through the drinking-water supply. Human exposure to seawater that contains effluent
constituents may occur for recreational users (fishermen, boaters, and swimmers),
industrial fishermen, and outfall operators and workers. Exposure may be through dermal
contact, incidental ingestion of ocean water, ingestion of contaminated fish or shellfish
(near or removed from the point of discharge), or exposure to toxins produced by harmful
algal blooms. Ecological receptors include fish and other organisms that occur around the
ocean outfall discharge point as well as those that are removed from the outfall but may
be affected by the discharge.

Effluent constituents discharged to the ocean are those that typically remain after
secondary treatment and basic disinfection: nutrients, inorganic and volatile organic
compounds, synthetic organic constituents, metals, and microbial and miscellaneous
constituents. The use of disinfection in addition to the secondary treatment reduces the
concentrations of the bacterial and viral stressors; however, the disinfection byproduct,
trihalomethanes, may occur. Trihalomethanes, a type of organic compound, can pose a
human health risk. Although information is lacking, they may also be a health risk to
marine life, such as marine mammals. Cyst-forming pathogenic protozoans, such as
Cryptosporidium and Giardia, are resistant to chlorination and require specialized
filtration for removal, and therefore, may be present as a stressor.

Potential receptors in the marine environment are numerous and range from submerged
aquatic vegetation, plankton (phytoplankton, zooplankton), and larger aquatic organisms,
including invertebrates, fish, reptiles, birds, and marine mammals.

Inorganic constituents, such as nitrogen and phosphorus, and metals, such as iron, are
nutrients. However, if they are overabundant, they become stressors. In marine and
coastal environments, eutrophication can occur when excess nutrients are present. This
can produce harmful algal blooms (red tides), change the natural phytoplankton
communities, destroy coral reefs, degrade sea grass and algal beds, and destabilize the
overall marine community structure.

Dilution and transport, which are controlled for the most part by ocean currents, are
important factors included in the risk analysis. Rapid dilution of effluent can reduce or
eliminate potential adverse effects on receptors. In addition, chemical and biological
processes that have the potential to affect the level of stressors were included in the risk
analysis.
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Human Health and Ecological Risk Characterization of Discharge to Ocean Outfalls

The risks associated with discharging effluent using ocean outfalls are low for both
human and ecological receptors. There is no drinking-water receptors associated with
ocean disposal and therefore, exposure through this pathway is unlikely.

Effluent plumes are rapidly dispersed and diluted by the Florida Current, and flows
towards coastal areas are infrequent because of the current’s prevailing direction and
speed. The concentrations of potential stressors in the effluent plume are low, because of
the secondary treatment and disinfection, permit effluent concentration limits, and the
subsequent dilution of the effluent after discharge. The distances of the outfalls from
shore also decrease risk, with those more distant having the lowest risk. Outfalls that have
multiport diffuser systems seem to further reduce risk by dispersing the effluent over a
wider area further reducing concentrations of potential stressors.

The treatment level used in ocean disposal does not remove certain pathogenic
protozoans that could potentially affect human and ecological health. Pathogenic
protozoans may pose a risk to marine mammals that come in contact with the effluent
constituents. However, there is a lack of ecological health information on the effects of
pathogenic protozoans, as well as other stressors, including metals, endocrine disruptors,
and surfactants. Although the concentrations of these compounds may meet required
water-quality standards, their effect on biological receptors at low concentrations is not
understood. For example, endocrine disruptors operate at extremely low concentrations.

Although chlorinated effluent meets water-quality standards generally within 400 meters
of the outfall, the long-term ecological effects of discharging effluent into the ocean are
not understood. Currently, there are no long-term monitoring data available for these
discharges to describe the ecological impacts or to determine what interaction there is, if
any, between outfall constituent effects and terrestrial or coastal sources (such as
pesticide runoff or river and groundwater inputs).

DISCHARGE TO SURFACE WATERS

Surface water disposal involves discharging treated wastewater directly into canals,
creeks, and estuaries that may be brackish, coastal/saline, or fresh water. The wastewater
must receive at least secondary treatment and basic disinfection before discharge.
Advanced wastewater treatment is required in some locations.

The use of this option in South Florida varies greatly. Treatment facilities in Hillsborough
County rely on this option for about 75% of their total design capacity, whereas facilities
in Collier County discharge to surface waters about 1% of their design capacity.

Surface waters that receive discharges vary in physical, chemical, and biological
characteristics. As a result, the uses and applications of this disposal option are very site-
specific. The estuarine and lagoon systems that receive discharges are typically large
expanses of mostly shallow water. Tampa Bay is the largest open estuary in Florida,
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encompassing over 400 square miles, with an average depth of 12 feet (Pribble et al.,
1999). Sarasota Bay is about 56 miles long and about 300 feet to 4.5 miles wide. It has an
average depth between 8 and 10 feet (Roat and Alderson, 1990). The Indian River
Lagoon is comprised of several water bodies and stretches for about 156 miles, from
south of Daytona Beach to near Palm Beach (Adams et al., 1996). Effluent entering these
three major surface water systems must undergo advanced wastewater treatment.

These shallow surface-water bodies include many different and extensive features, such
as wetlands, lakes, streams, and canals. In South Florida, many of these surface-water
bodies have direct hydrologic connections to the underlying surficial aquifers.

Regulatory Oversight of Discharge to Surface Waters

Florida regulations require that wastewater receive at least secondary treatment and basic
disinfection before discharge. Discharge to Class I waters (potable water supply) requires
principal treatment, (defined within State requirements as secondary treatment, basic
disinfection, filtration and high level disinfection) and discharges to the Tampa Bay,
Sarasota Bay, and Indian River Lagoon systems require advanced wastewater treatment.
Additional permitting requirements may include that effluent meet certain effluent limits,
such as technology-based effluent limits or water-quality-based effluent limits.

State-mandated discharge standards apply for overall pollutants, nitrogen, total suspended
solids, and fecal coliforms. Currently, there are no Federal or State limits for protozoan
pathogens in wastewater but Florida applies its reclaimed water standard (no more than
5.8 cysts or oocysts per 100 liters for Cryptosporidium and no more than 1.4 cysts per
100 liters for Giardia) to wastewater discharged to surface waters.

Water-quality standards also apply to discharges to surface waters. The standards are
dependent on the end-use class of the receiving surface water. The following classes are
relevant to the risk assessment: Class I surface waters may be used as a potable water
supply; Class II waters may be used for shellfish propagation or harvesting; Class 111
water may be used for recreation or can support the propagation and maintenance of a
healthy, well-balanced population of fish and wildlife.

Option-Specific Risk Analysis for Discharge to Surface Waters

Because of the variability between and within the receiving surface waters and the
regulatory standards governing them, the human health and ecological risks associated
with this option are site-specific. To overcome this challenge, surface-water quality was
the major parameter used in the risk analysis. The water quality of discharges was
compared to the relevant surface-water quality standards. The risk analysis also examined
the types of adverse effects that might be anticipated when standards are exceeded.

The potential stressors associated with this option can vary substantially, depending upon
the level of treatment applied to the wastewater, but may include nutrients (nitrogen and
phosphorus), metals, organic compounds, pathogenic microorganisms, and hormonally
active agents. Metals remaining in discharged effluent may be taken up and
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bioaccumulate in the food chain to potentially toxic levels. Excess nutrients, particularly
nitrogen and phosphorus, are stressors and can have a significant effect on aquatic
ecosystems. Excess nutrients can change biological productivity and community structure
and cause harmful algal blooms.

Before discharge to surface water, wastewater must undergo secondary treatment and
basic disinfection. Stressors in wastewater subjected to secondary treatment and
disinfection are similar to those remaining in water bound for ocean disposal, that is,
inorganic and volatile organic compounds; synthetic organic constituents; microbial and
miscellaneous constituents; and trihalomethanes, a disinfection by-product. However,
wastewater discharged to Tampa Bay or to Indian River Lagoon must be treated using
advanced wastewater treatment. This typically includes secondary treatment, basic
disinfection, nutrient removal (nitrification, denitrification, and phosphorus removal),
removal of metals and organic compounds, and filtration to remove cyst-forming
protozoans.

In many cases, it is not possible to identify the source of stressors in surface waters. In
South Florida, surface-water quality shows significant degradation that may be from
urban and agricultural activities (McPherson et al., 2000; McPherson and Halley, 1996).
Canal water in urban and agricultural areas commonly contains high concentrations of
nutrients, coliform bacteria, metals, and organic compounds when compared to water
taken from remote areas. The relative contribution of stressors from these sources
compared to the contribution from effluent discharge is poorly understood.

Contamination of Florida’s coastal environments with enteric viruses, bacteria, or
protozoans is a widespread and chronic problem. Potential causes include the prevalence
and high density of septic systems, the predominantly porous and sandy soils, the karst
topography, and the hydrologic connections between groundwater and coastal
embayments and estuaries (Lipp et al., 2001; Paul et al., 1995). The disinfection of
treated effluent before discharge eliminates most pathogens. However, pathogenic
protozoans are resistant to disinfection and can persist in effluent.

Under optimal natural conditions, estuaries and lagoons are some of the most productive
and diverse habitats. Potential receptors are many and range from microscopic
phytoplankton and submerged aquatic vegetation to reptiles, birds, marine mammals, and
humans. Threatened and endangered species, such as the West Indian manatee and green
and loggerhead sea turtles, can be found in these estuary and lagoon areas. Of the almost
800 fish species known to occur in east-central Florida, more than half use the estuaries
and lagoons during part of their life cycle (Gilmore et al, 1981; Gilmore 1995). These
shallow waters are important breeding and spawning areas for many fish.

USDW:s or water-supply wells may be affected where surface waters that receive effluent
have a direct hydrological connection to the groundwater resource. In South Florida,
there is a strong interconnection of groundwater and surface water, but the processes and
hydrologic fluxes are not well understood. Canals, which frequently receive discharge,
are often hydrologically connected to groundwater. Whether the canal is being recharged
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or is discharging to groundwater depends on the specific hydrologic conditions, but
canals that discharge to groundwater provide a pathway for potential contamination of the
underground drinking water supply.

In addition to USDWs, human health exposure can include dermal contact with an
affected water body, incidental ingestion of affected water, ingestion of contaminated fish
or shellfish (near or removed from the point of discharge), or exposure to toxins from
harmful algal blooms. Ecological resources can include fish and other organisms present
in the surface water body at the point of discharge as well as those that are removed from
but may be affected by the discharge. Also, nutrient loading can adversely impact waters,
especially sensitive or impaired waters, and this in turn can destabilize the aquatic
system.

Human Health Risk and Ecological Risk Characterization of Discharge to Surface
Waters

Effluent discharged to surface waters poses limited risks to human health. The volumes
discharged in South Florida are not great, there is a generally higher level of effluent
treatment, and the discharges are typically intermittent. Although not required at all
treatment plants, AWT is used to remove additional nutrients, organic compounds, and
total suspended solids. Facilities using this treatment level frequently are within the
standard requirements and may be below detection levels for some effluent constituents
(for example, pathogenic microorganisms, inorganic compounds, organic compounds,
volatile organic compounds). Pathogenic protozoan levels are generally low and usually
within recommended standards. However, some facilities did not meet the recommended
levels, even when using filtration. In these cases, there is a potential human health risk,
albeit a low risk.

Similarly, the overall risk to ecological receptors is low. This is because most facilities
use AWT. For example, based on information collected before and after Tampa Bay
implemented AWT, the relative risk of AWT-treated wastewater is lower than the risks
posed by wastewater treated to a lesser degree.

Although the risk analysis identified limited human health and ecological risks associated
with the discharge of treated effluent to surface-water bodies, the receiving surface
waters in many cases are already significantly impacted by contamination from urban and
agricultural sources. Additional inputs of nutrients, even from effluent containing low
nutrient concentrations, are likely to pose some ecological risk. The cumulative effect of
the various inputs into these surface waters is not currently understood. Considerable
scientific study and public involvement would be needed to identify and address the
problems associated with the relative contributions of different sources of stressors to
these estuarine and lagoon waters.
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OVERALL RISK ASSESSMENT

The degree of treatment of wastewater before its disposal is an important factor that
controls the concentrations of stressors present at the receptor. Risk can be significantly
reduced by attenuation factors, such as travel time, distance, filtration by geologic media,
dispersion by groundwater or ocean currents, biological degradation, and adsorption.

Pathogenic microorganisms pose a significant human health risk for deep-well injection
and discharge to ocean outfalls and, to a lesser extent, aquifer recharge and discharge to
surface waters. Filtration can significantly reduce the level for pathogenic protozoans in
treated water. However, natural water bodies may contain pathogenic protozoans at levels
that exceed the recommended levels.

In addition, nutrient levels can still exceed ambient water-quality levels. Excess nutrients
can lead to a variety of ecological problems and can affect entire ecosystems.

Most risk analyses have data and knowledge gaps, and it is important to acknowledge and
understand their extent and type. This risk assessment identified data and knowledge gaps

for all the options (Exhibit ES-10).

Deep Well Injection

Aquifer Recharge
(using RIBs)

Discharge to the Ocean

Discharge to
Surface Waters

Site-specific mechanisms
of transport (for example,
porous media flow vs.
conduit flow); locations
and connectivity of
natural conduits such as
solution channels.

The fate and transport of
pathogenic
microorganisms; rates of
die-off and natural
attenuation.

The extent of, if any,
reduction in inorganic
stressor concentration
resulting from local
geochemical conditions
(for example, rate of
biologically mediated
transformation of
ammonia).

Groundwater monitoring
data to describe transport
to (or within) the Biscayne
and surficial aquifers.

Site-specific hydrologic
data (for example,
horizontal hydraulic
conductivities); site-
specific estimates of
horizontal time-of-travel.

Groundwater monitoring
data to describe transport
within the Biscayne and
surficial aquifers.

Geospatial data to
describe proximity to
water-supply wells

(especially private wells).

Fate and transport of
pathogenic micro-
organisms still present
after disinfection; rates
and die-off.

The potential for adverse
ecological effects near
outfalls.

The potential for
bioaccumulation (such as
metals, persistent organic
compounds) through food
chains.

Water-quality and
ecological monitoring
downcurrent of outfalls
(beyond mixing zones).

The potential for changes
in ocean currents, sea
level, or climate that
might affect changes in
circulation and
transportation patterns or
exposure.

The potential for adverse
ecological effects near
points of discharge.

The potential for
bioaccumulation (such as
metals, persistent organic
compounds) through food
chains.

Water-quality and
ecological monitoring data
for specific potentially
impacted water bodies.

The nature and extent of
recharge to surficial
USDWs.

Exhibit ES-10. Data and Knowledge Gaps
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Findings on Risk to Human Health

Overall, the risks to human health are generally low for the four disposal options (Exhibit
ES-11). The risks are somewhat higher in all options when there is less treatment or when
exposure pathways are short. High-level disinfection, combined with filtration for
pathogenic protozoans (using an effective process), significantly reduces risk for all the
disposal options. There is an increased risk to human health when the disposal location
coincides with recreational uses, such as the ocean (outfall location), canals, streams,
bays, and lagoons, and when discharges cause harmful algal blooms. Deep-well injection
and aquifer recharge disposal options have the potential to directly impact drinking-water

supplies, thereby creating a potential risk to human health.

Deep-Well Injection

Aquifer Recharge
(using RIBs)

Discharge to the Ocean

Discharge to
Surface Waters

Low where proper
siting, construction, and
operation result in
physical isolation of
stressors, with no fluid
movement.

Low where there have
been impacts to deep
USDWs; however,
exposure of current
water supplies is
unlikely.

Increased risk where
short times of travel
prevail and where
exposure of current
water supplies is more
likely.

In all cases, the risk
would be further
reduced when injected
wastewater is treated to
reclaimed water
standards.

Low because of high-level
disinfection, filtration, and
treatment to reclaimed-
water standards.

Increased risk where
filtration is not adequate
to meet health-based
recommendations for
Giardia or
Cryptosporidium.

Increased risk where
chlorination results in high
levels of disinfection
byproducts (that is, failure
to dechlorinate).

Low because of rapid
dilution and an absence
of drinking-water
receptors. The low
occurrence (less than 4%)
of current flow towards
the coast means that
human exposure along
coastal beaches is
reduced.

Increased risk where
recreational use is near
the discharge.

Increased risk where
discharges contribute to
stimulation of harmful
algal blooms.

Low because of high-level
disinfection and additional
treatment (e.g. AWT
standards).

Increased risk where
filtration is not provided or
is inadequate to meet health-
based recommendations for
Giardia or Cryptosporidium.

Increased risk where
surface-water discharges are
near recreational use of
water bodies.

Increased risk where
discharges contribute to
stimulation of harmful algal
blooms.

Exhibit ES-11. Estimate of Risk to Human Health Associated With Each
Wastewater Disposal Option

Findings on Risk to Ecological Health

The risk to the ecological health of surface waters is very low for the deep-well injection
and aquifer recharge options (Exhibit ES-12). Similarly, the risk to surface waters

receiving treated discharge directly is low because of the advanced level of treatment the
wastewater receives. However, irrespective of the contribution of contaminants by treated
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municipal wastewater, many surface waters in South Florida are considered to be in an
impaired status. When a discharge is in close proximity to an impaired water body, there
is a higher ecological health risk.

Deep-Well Injection

Aquifer Recharge
(using RIBs)

Discharge to the Ocean

Discharge to
Surface Waters

The risks from chemical
constituents are low but
not zero because of
possible hydrologic
connectivity. Risks
related to pathogenic
microorganisms are low
to moderate for Dade and
Brevard counties because
of lack of disinfection
and filtration. Microbial
risk is low in Pinellas
County because of use of

disinfection and filtration.

Low because of possibility
of hydrologic connectivity
between wetlands and
surficial aquifer.

Cumulative and long-term
effects are not known.

Low because of the
concentrations of nutrients
in the discharged effluent.

No ecological monitoring
is currently conducted.
Cumulative and long-term
effects are not known.

Low because of the
concentrations of nutrients
in the discharged effluent.

Exhibit ES-12. Estimate of Risk to Ecological Health Associated With Each
Wastewater Disposal Option

Risks are also considered low for ocean outfalls in the areas outside the mixing zones and
for marine ecosystems that may be impacted by deep-well injection.

Discharges from ocean outfalls and discharges to surface waters will have increased risk
if the discharges cause harmful algal blooms or result in bioconcentration in food webs.

Construction of new ocean outfalls may increase risk to coral reefs.

ES-25




REFERENCES

Adams AW, Ainsley JD, Busby DS, Day RA, Recore KA, Rice TB. 1996. The Indian
River Lagoon comprehensive conservation and management plan. Palatka (FL):
The Indian River Lagoon National Estuary Program.

Brickey C. 1995. The relevance of risk assessment to exposed communities.
Environmental Health Perspectives. 103 (Supplement 1): 89-91.

Facemire CF, Gross TS, and Guillette Jr. LJ. 1995. Reproductive impairment in the
Florida panther: Nature or nurture? Environmental Health Perspectives. 103
(Supplement 4): 87-42.

Gilmore RG, Donahoe CJ, Cooke DW, and Herema DJ. 1981. Fishes of the Indian River
Lagoon and adjacent waters, Florida. Technical Report No. 41. Ft. Pierce (FL):
Harbor Branch Foundation.

Gilmore RG. 1995. Environmental and biogeographic factors influencing icthyofaunal
diversity: Indian River Lagoon. Bulletin of Marine Science. 57(1):153-170.

Green Mountain Institute for Environmental Democracy. 1997. Comparative Risk
Resource Guide, 3rd ed. Montepelier (VT).

Lipp EK, Farrah SA, and Rose JB. 2001. Assessment and impact of microbial fecal
pollution and human enteric pathogens in a coastal community. Marine Pollution
Bulletin. 42(4): 286-293.

McPherson BF and Halley R. 1996. The South Florida Environment—A Region Under
Stress. U.S. Geological Survey Circular 1134. Reston (VA): USGS.

McPherson BF, Miller RL, Haag KH, and Bradner A. 2000. Water Quality in Southern
Florida, 1996-1998. U.S. Geological Survey Circular 1207. Reston (VA): USGS.

Paul JH, Rose JB, Brown J, Shinn E, Miller S, and Farrah S. 1995. Viral tracer studies
indicate contamination of marine waters by sewage disposal practices in Key
Largo, Florida. Applied and Environmental Microbiology. 61:2230-2234.

Pribble RJ, Janicki AJ, and Greening H. 1999. Baywide Environmental Monitoring
Rreport 1993-1998. Technical Report #07-99. Tampa Bay Estuary Program.

Roat P and Anderson M. 1990. Sarasota Bay Projects State of the Bay Report. Sarasota
(FL): Sarasota Bay Project National Estuary Program.

Hazen and Sawyer. 1994. SEFLOE II Final Report: Broward County Office of
Environmental Services North Regional Wastewater Treatment Plant, City of
Hollywood Utilities Department Southern Region Wastewater Treatment Plant,
Miami-Dade Water and Sewer Department North District Wastewater Treatment
Plant, Miami-Dade Water and Sewer Department Central District Wastewater
Treatment Plant. Hollywood (FL): Hazen and Sawyer. Submitted to National
Oceanic and Atmospheric Administration.

[U.S. EPA] U.S. Environmental Protection Program. 1998. Guidelines for Ecological
Risk Assessment. EPA/630/R-95/002F. Washington, DC: US EPA.

ES-26



[U.S. EPA] U.S. Environmental Protection Program. 2000. Science Policy Handbook:
Risk Characterization. EPA 100-B-00-002, December 2000. Washington, DC:
Office of Science Policy, Office of Research and Development.

[U.S. EPA] U.S. Environmental Protection Program.2001. Envirofacts Warehouse Safe
Drinking Water Information System (SDWIS). Internet:
http://www.epa.gov/enviro/html/sdwis/sdwis_ov.html.

ES-27



[ This page intentionally left blank ]





